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Abstract

Do households holding risky financial securities tend to invest in the stock market,

buying at the top and selling at the bottom ? Do they reduce their risk exposure with

age and especially when approaching retirement? We answer these questions using

data on retirement savings contracts from a large French insurer over the period 2002

to 2009. Subscribers can invest their savings in two types of investment vehicles: a

euro fund composed primarily of money market securities with almost no risk, and

unit-linked funds representing UCITS shares invested in risky securities.

We show that the share of capital invested in unit-linked funds is sensitive to mar-

ket conditions, but mainly at the date of subscription. Once the initial share has

been selected, inertia of portfolio choice is observed as investors rarely revise their

position subsequently. We observe a steep procyclicality of investment choices. New

subscribers buy risky assets when the stock market rises and stop buying them when

it drops. This leads them to hold a minimum share of risky assets in 2004, a begin-

ning of a 4-year rising phase and a maximum share in 2008 at the beginning of a

fall market.

We also find that the risky share declines with age once time effects are controlled

for and cohort effects are excluded. The age profile also declines in the reverse

configuration (taking into account cohort effects and excluding time effects) but the

decline is less pronounced. After a discussion of the plausibility of the different

effects, we estimate a probability of unit-linked detention which decreases by about

12 percentage points with age between ages 40 and 60, and a conditional equity share

which decreases by about 6 percentage points with age between 40 and 60 years.

This decrease is too small to bring the invested share to zero when approaching

retirement.

Keywords: savings, life cycle household finance, risky assets, portfolio selection.

JEL: D91, G11, J14.
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1 Introduction

Access to financial markets has been increasingly expanded over the past twenty

years and many investors now manage an equity portfolio. In France, holding of

equity shares and mutual funds by households amount to 900 billion euros in 2011,

that is 22.5% of total financial assets (Bank of France). Approximately 20% of the

population invest in securities (INSEE, 2010) in the form of quoted and unquoted

shares or through subscription of mutual funds.

At the same time, the last twenty years witnessed a sharp increase of retirement

contracts. This primarily concerns ”assurance vie” contracts (17 million savers in

2010 for an outstanding of 1300 billion) but also retirement savings contracts such

as Madelin contracts for self-employees (1.1 million members in 2010) and PERP

(Plan d’Epagne Retraite Populaire) for wage-earners (2.1 million holders in 2010).

In a context of growing private funding of pensions, long-term investors are oriented

toward those contracts, combining a low-risk euro fund and several unit-linked funds

invested in financial markets (stocks, bonds, money market securities, etc.). Life

insurance policies were thus invested up to 16.7% in unit-linked in 2010, which

represents 220 billion euros. This share was 10% during the first half of the 1990s

(Cour des Comptes, 2012).

Managing a portfolio of securities requires complex decisions producing potentially

serious consequences on long-term returns of savings and savers’ standard of liv-

ing. Whereas a growing literature highlights non-rationality of households financial

choices1 (e.g. Campbell, 2006), it seems important to examine how households man-

age in practice their financial savings.

This study pursues this goal by focusing on two important dimensions of portfolio

choice: how do investors’ portfolio shares vary with the business cycle and over

their life cycle? We study in particular the extent to which individual investors

adopt a pro-cyclical investment policy by buying equities at the top of the cycle and

selling at the bottom. The notion of peak and trough in the stock market cycle has

meaning only if future returns can be partially anticipated. Empirical studies have

documented the absence of random walk in the medium-term and mean-reversion of

the equity risk premium (Campbell and Shiller, 1988; Fama and French, 1988; Koijen

and Nieuwerburgh, 2007). Campbell and Viceira (1999) show that it is possible

for investors to exploit the predictability of stock market returns by adopting a

1 Surveys suggest that an important number of households are not able to understand and

master basic financial concepts. According to a study conducted by CREDOC for the Institute for

Public Financial Education (IEFP), in partnership with the Financial Markets Authority (AMF )

80% of people surveyed recognize that they feel lost when it comes to financial investment.
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counter-cyclical investment policy. This policy significantly increases the return to

savings.

The second question we address is how the risky share evolves with age. In particular,

we are looking at whether investors reduce their risk exposure when approaching

retirement to protect their capital. Knowledge of the investment profile by age has

deep implications for financial markets. As many investors born during the baby

boom will retire in the coming years, it is important to better assess their propensity

to sell their financial assets as they age.

There are in theory and in practice at least two reasons why investors should reduce

the share of their wealth invested in risky assets with age. The first is related to

the phenomenon of mean-reversion of equity returns. Merton (1969) and Samuelson

(1969) show that, in the presence of serially uncorrelated financial returns, an in-

vestor with iso-elastic utility function invests a constant part of his wealth in risky

assets regardless of the investment horizon. If returns are temporally negatively

correlated over the medium term, as proved empirically, a longer investment horizon

reduces the risk of final return by aggregating the stock market ups and downs. In

this case, the share invested in risky assets should increase with horizon (Samuelson,

1991). Barberis (2000) incorporates parameter uncertainly and shows that by tak-

ing into account the estimated risk associated with the forecast of future returns, a

rational investor should decrease the share invested in risky asset when approaching

retirement, even when returns are independent and identically distributed.

Second, insofar as labor income is not correlated with risky return, it plays a buffer

role and protects consumption from financial risks by absorbing financial losses over

time. This smoothing mechanism loses its effectiveness when the horizon of the

investor decreases. The demand of risky assets should therefore decline with age

(Bodie et al., 1992; Viceira, 2001).

The policy of reducing financial risk when approaching retirement corresponds to

the recommendation of wealth management advisers. As well the latter tend to

advise the acquisition of equities in savings accounts when the holding period is long

enough. Logically, disinvestment when approaching retirement is also commonly

recommended. These portfolio management principles have become institutionalized

in recent years. On the one hand, banks and insurance companies propose in savings

contracts a formula in which the risky share of capital automatically decreases with

the remaining holding period. On the other hand, some governments have passed

laws to promote this type of management. This is the case of the United States

whose Pension Protection Act passed in 2006 requires companies offering pension

plans to their employees to provide a target dates fund as a default choice. In France,

the PERP, launched in 2006, also establishes as a default the adherence to a rule of
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progressive disinvestment.

We use data from a large insurance company which registered subscription of Madelin

contracts from March 2002 to April 2009. The database which encompasses 8,000

contracts includes information on subscribers (sex, marital status, number of chil-

dren, year of birth, district of residence, professional category, wealth profile and in-

come index) and contracts (distribution channel, subscription date of subscription,

date of payment, amount paid). The database also provides information on the

share of capital invested in euro funds and unit-linked funds which mainly consists

of mutual funds invested in equity markets. The panel dimension of the data allows

us to follow the evolution of the share of unit-linked funds of each investor.

We show that the share of capital invested in unit-linked funds is sensitive to market

conditions, but this is mainly valid at the subscription date. Once the initial share

has been selected, portfolio choice inertia is observed, as investors rarely update their

position subsequently. We observe a strong procyclicality of investment choices.

New subscribers buy risky assets when the stock market rises and stop buying them

when it drops. This leads them to hold a minimum share of risky assets in 2004, the

beginning of a 4-year rising phase and a maximum share in 2008 at the beginning of

a market fall. We also find that the risky share declines steadily with age once time

effects are controlled for and cohort effects are excluded. The age profile also declines

in the reverse configuration (taking into account cohort effects and excluding time

effects) but the decline is much less pronounced. It is in fact the product of two

phenomena. On one hand, the proportion of savers investing in risky assets tends

to increase with age. On the other hand, conditional upon investing in unit-linked

funds, this shares tends to decrease with age.

While several papers analyze the ability of fund managers to anticipate market move-

ments (e.g. J.Jiang et al., 2007; Campbell and Shiller, 1988; Koijen and Nieuwer-

burgh, 2007), few studies address this issue for individual investors. In France,

studies based on aggregate data suggest that households invest countercyclically

on average, by investing when the stock market rises (Pansard, 2005; Cour des

Comptes, 2012). To our knowledge, this is the first empirical analyses based on a

panel of French investors.

The question of the relationship between age and risky share has been the subject of

several studies on U.S. data. Ameriks and Zeldes (2004) use panel data from a large

U.S. pension fund and cross-sectional surveys. They show that age effects are highly

sensitive to time or cohort effects. One difficulty faced by empirical studies is indeed

an identification problem: there is no way to identify age, time and cohort effects

simultaneously due to a linear relationship between the three variables. After a

detailed analysis of the various hypotheses, the authors conclude that age effects on
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the share invested in risky assets are decreasing. Agnew et al. (2003) use a four year

panel of participants in retirement savings plans and obtain similar results. They

include time effects and not cohort effects in their analysis. Poterba and Samwick

(1997) make inverse assumptions (excluding time effects and including cohort effects)

and find an increasing risk profile with age.

In France, wealth surveys conducted by INSEE are used to estimate age effects on

cross-sectional data. Arrondel and Masson (2003) on the 1998 survey and INSEE

(2010) on the 2010 survey find a bell-shaped relationship between age and the risky

share. Mekkaoui et al. (2001) use the wealth survey in 1998 and estimate an age

effect by controlling for a large number of demographic and economic variables.

They show that older individuals frequently choose to hold more risky assets.

Our results bring a complementary perspective. Compared to these surveys, our

sample is limited to the self-employed who invest in Madelin contracts. This category

is on average richer than the general population and has less stable income than

salaried employees (INSEE, 2006). We also use a more narrow concept of the share of

wealth invested in risky assets since we do not have information on the composition

of wealth held outside the savings contract that we study. Finally, our study is

restricted to holders of retirement savings during the accumulation phase, which

ends when the investor retires and converts its wealth into annuities. However, our

source has several advantages. Our data have an administrative nature and do not

suffer a declarative bias, which may be problematic in wealth surveys. We also have

panel data, which allows us to follow the investors over time and to better identify

age effects. Finally, our data cover the period 2003-2010 during which a full market

cycle took place. This feature of our data will turn out to be useful to distinguish

temporal effects from age effects.

The paper is structured as follows. In section 2, we describe the data set in more

detail. The evolution of the share invested in risky assets over the business cycle is

analyzed in Section 3 and over the life cycle in Section 4.

2 Data

The study is based on data from a large French insurer which registers subscrip-

tions and subsequent payments of Madelin contracts. These retirement savings

contracts, created in 1994, are intended to self- employed. Payments are deductible

from taxable income up to a certain limit and the capital is converted into annu-

ities at retirement. Supplementary pension savings is an important component of

retirement income because of the relative weakness of independent workers’ public
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pension. Payments in Madelin contracts have totaled two billion euros in 2009 for

834,000 contracts in the savings phase (FFSA, 2010), with an average payment of

2,400 euros per contract. The proportion of subscribers within the eligible popula-

tion is 57% in 2009 (FFSA, 2010), which is high if we compare it to wage-earners

where only 8% have a retirement savings plan. We have information about all savers

who have subscribed a contract between March 2002 and April 2009 and had not

liquidated it in January 2010, which is approximately 8,000 contracts. We have

information on subscribers (sex, year of birth, district of residence, occupation cat-

egory and two indicators related to income and wealth) and on contracts (contract

distribution channel, subscription date and payment date). For each contract, we

also have monthly payments and the share invested in unit-linked funds (ULF) that

are observed each calendar year-end between 2002 and 2009, except 2006 which is

missing in the database. Subscribers can invest in two types of product: a euro fund

made up essentially of monetary securities with guaranteed capital and unit-linked

funds invested in the stock exchange and with risky returns. Table 1 shows annual

returns of products proposed in the contract. We see that the returns of the euro

fund fluctuates very little, unlike returns of ULF, qualified as ”risky funds” in the

following.

Table 1: Historical returns of the funds proposed in Insurer’s Madelin contracts

2007 2008 2009 2010 2011 average return std deviation

Euros funds (%) 4.45 4.2 3.85 3.7 3.5 3.94 0.38

Equity funds 0.42 -37.62 25.06 8.84 -0.85 -3.3 23.02

Global diversified funds -0.2 -22.91 16.5 8.36 -3.88 -1.37 14.84

Global equity funds 2.96 -48.69 18.91 10.26 -9.24 -8.87 26.43

Equity Europe 6.33 -45.09 26.81 2.49 -15.99 -8.61 27.04

Euro-area funds 9.52 -17.71 -19.27 12.27 2.29 -3.53 14.98

Energy Equity Fund 17.11 -54.02 50.05 -54.02 17.11 -15.33 46.94

Indexed Bond Fund 3.46 4.09 6.96 1.01 0.92 3.26 2.5

Note: the averages reported are geometric. Standard deviations are calculated as a percentage

of return.

The analysis founds on the distribution of capital between euro contract funds and

unit-linked funds.
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Figure 1: Distribution among savers of the share invested in unit-linked funds

Sample: all Madelin contracts subscribed between 2002 and 2009, except 2006.

The average share invested in unit-linked funds in the data is 35%. Figure 1 shows

the distribution of the share invested in ULF.

Roughly 84% of savers invest in ULF, which is relatively high. For a comparison,

Direr and Visser (2013) use assurance vie data of a large French insurer in 2004

and 2005 and show that 42% of savers invest in ULF, which is twice less. Part

of the difference may come from the fact that the self-employed are on average

wealthier than holders of assurance vie. Madelin contracts have also investment

horizon longer on average, which encourages investment in equity. The share of

ULF is homogeneously distributed but with a few peaks. Very few savers invest

more than 2/3 of their capital in ULF.

According to the database, investors pay on average 2,500 euros per year, which is

very close to the 2,400 euros payment published by the FFSA for 2009 based on sur-

veys among insurers. For a comparison, the average payment in retirement savings

contracts for wage-earners (PERP and similar) are about 1,700 euros (Carbonnier

et al., 2013).
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3 Investment in risky assets over the business cy-

cle

Are investment decisions influenced by past fluctuations in financial markets? Figure

2 presents the average change in the share invested in ULF between 2003 and 2010

and superimposes the evolution of an equity market index.

Figure 2: Evolution of the share invested in unit-linked funds (left scale) and the

stock market index DJ Euro Stoxx 50 (right scale)

Sample: all Madelin contracts subscribed between 2002 and 2009; monthly data of the Dow

Jones EURO STOXX 50 (includes 50 companies in the Euro-area by market capitalization).

Note: shares in year n = 2002, ..., 2009 are observed on December 31. They are dated on the

horizontal axis on 1st January of year n+1. The 2006 share invested in ULF is missing in the

database and is obtained by interpolation at the contract level.

We observe large movements of the share invested in ULF and a positive correlation

with the euro-area2 market index. The mean unit-linked share dropped from 31%

in 2003 to 27% in 2004 and thereafter increased during the upward part of the cycle

to 38% in 2008, and decreased afterwards to 35%, always in conjunction with stock

market swings. Savers’ ability in timing the market is poor: the share invested in

risky assets was minimum in 2004 when the stock market was at the beginning of

four years of uninterrupted growth. It was maximum in 2008, when the stock market

entered a phase of sustained decline.

2The comparison with other market indices, such as the CAC 40 or the DJ Industrial Average

would not alter the pro-cyclicality of the unit-linked funds given the high correlation between equity

market indices since 2000.
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This trend would be partly automatic if investors would not regularly adjust their

portfolio to correct spontaneous distortions generated by gains and losses undergone

by the ULF share. Ameriks and Zeldes (2004) and Agnew et al. (2003) in the

U.S. case show that investors rarely adjust the composition of their savings plan.

This causes a drift of the risky share where the proportion invested in risky assets

tends to increase during periods of rising market and to diminish during phases of

decline.

To control for this mechanism, we can break down the evolution of the risky share

into an extensive margin (the change in the proportion of savers investing in ULF)

and an intensive margin (the change in the share invested in ULF, conditional upon

investing). Figures 3 and 4 graph the dynamics of the extensive and intensive

margins respectively.

Figure 3: Proportion of savers investing in unit-linked funds (left scale) and stock

market index DJ Euro Stoxx 50 (right scale)

Sample: all Madelin contracts subscribed between 2002 and 2009; monthly data of the Dow

Jones EURO STOXX 50.

Note: shares in year n = 2002, ..., 2009 are observed on December 31. They are dated on the

horizontal axis on 1st January of year n+1. The share invested in ULF 2006 is missing in the

database and is obtained by interpolation at the contract level.

We observe a similar pattern in the two margins and a larger amplitude of the

extensive margin. The proportion of ULF holders varies from 71% in 2003 to 87%

in 2007, a jump of 16 percentage points during four years. At the same time, the

share invested in unit-linked funds conditional upon investing in ULF starts from

less than 38% to 44%. As it is the case for the total margin in figure 2, both margins
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Figure 4: Evolution of the share invested in unit-linked funds conditional to invest

in ULF (left scale) and stock market index DJ Euro Stoxx 50 (right scale)

Sample: all Madelin contracts subscribed between 2002 and 2009; monthly data of the Dow

Jones EURO STOXX 50.

Note: ULF shares in year n = 2002, ..., 2009 are observed on December 31. They are dated on

the horizontal axis on 1st January of year n+1. The 2006 share invested in ULF is missing and is

obtained by interpolation at the contract level.

co-vary positively with the stock market index. A growing number of savers invest in

risky assets when market is up and with higher amounts. The opposite phenomenon

occurs during the decline phase.

We noticed that it was difficult to distinguish between changes driven by stock

market fluctuations and explicit adjustments of the share invested in ULF. This

does not apply to the extensive margin, which does not depend on financial returns,

but represents a deliberate choice of investors. However, variations of both margins

are compatible with a form of inertia in portfolio choice. It is likely that investors

choose a ULF share at the subscription date yet do not adjust it the subsequent

years. To test this possibility, Figure 5 breaks down the share invested in ULF by

subscription dates.

If the subscription date of the contract had little influence on the choice of the share

of unit-linked funds over the life cycle of the contract, the curves should be close

together and each would have a profile resembling the average profile in Figure 2.

Contrary to this scenario, the vertical translation of the curves is large. The profile

by subscription year is fairly flat with a slight decreasing trend. Put together these

two features reveal a substantial effect of the subscription date on investment choices.
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Figure 5: View by subscription year of the share invested in unit-linked funds

Sample: all Madelin contracts subscribed between 2002 and 2009.

Note: ULF shares of year n = 2002, ..., 2009 are observed on December 31. They are dated on the

horizontal axis on 1st January of year n+1. The 2006 share invested in ULF 2006 is missing and

is obtained by interpolation at the contract level.

If we focus for example on the phase of upswing all years combined, which runs from

2004 to 2008 in figure 2, the share invested in ULF increases by 11 percentages points

(from 27 to 38%). Over the same period, the dynamics in ULF for investors who

subscribed in 2002 and 2003 was negative with a decrease of about 4 and 2 points

respectively. The whole increase in ULF during the stock market boom visible on

Figure 2 is therefore entirely explained by investment decisions of new subscribers.

Once this decision is made, it hardly moves over the course of the contract. These

conclusions are confirmed by the analysis of intensive and extensive margins also

broken down by subscription year. Figure 6 shows the proportion of ULF holders

by subscription year.

Figure 6 confirms that investment decisions are flexible at the subscription date

and rigid afterwards. The initial decision is strongly influenced by stock-market

performance. The risky share of new subscribers moves with the business cycle. It

declines in 2003, then goes up by about 23 percentage points during the financial

market bull in 2004 and 2005, then stabilizes in 2006 and 2007 before falling in 2008

and 2009 by almost 43 percentage points (from 93% to 50%), two years of poor

stock market performance. This effect fully explains the bell-shaped profile and the

amplitude in figure 3 displaying holding frequencies. Figure 7 shows the evolution

of ULF shares conditional to investing decomposed by subscription years.
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Figure 6: View by subscription year of the proportion of investors investing in unit-

linked funds

Sample: all Madelin contracts subscribed between 2002 and 2009; monthly data of the Dow

Jones EURO STOXX 50 (includes 50 companies in the Euro-area by market capitalization).

Note: ULF shares in year n = 2002, ..., 2009 are observed on December 31. They are dated on

the horizontal axis on 1st January of year n+1. The 2006 share invested in ULF is missing and is

obtained by interpolation at the contract level.

Again, the bell shape visible in figure 4 is entirely explained by changes in the

share invested in unit-linked funds on subscription dates. In particular, the high

heterogeneity of share invested in ULF by cohort, observable on the last date, with

a maximum difference of about 24 percentage points between the 2006 and 2002

cohorts, is mainly explained by variations of ULF shares observed at the subscription

date.

To conclude the analysis of Figures 5 to 7, we find that the recent stock market

performance has powerfully impacted investors’ financial decisions at the subscrip-

tion date but has only a minor impact afterwards. This result is consistent with

Malmendier and Nagel (2011) who show that households expectations regarding fi-

nancial returns and the decision to invest in risky securities are very sensitive to

stock market conditions. This result is also consistent with Ameriks and Zeldes

(2004) who show the strong influence of market returns on individual asset alloca-

tions. Our analysis suggests that it only takes a few years of bad or good results to

radically change the participation of new investors to the stock market.We also find

strong inertia in financial choice over the life of the contract. If new investors tend

to buy ULF when the equity market is up, most of them adopt a policy of buy and
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Figure 7: View by subscription year of the risky share conditional upon investing in

unit-linked funds

Sample: all Madelin contracts subscribed between 2002 and 2009.

Note: ULF shares in year n = 2002, ..., 2009 are observed on December 31. They are dated on the

horizontal axis 1st January of year n+1. The 2006 share invested in ULF 2006 is missing and is

obtained by interpolation at the contract level.

hold and do not sell their ULF even when the stock market declines.

4 The risky share over the life cycle

It is important to understand how investors manage their exposure to financial risk

depending on their age and in particular when approaching retirement. The selling

of an equity portfolio at the market bottom may significantly reduce income from

savings during retirement. Annuity contracts increase this risk as the amount of

annuity is based on accumulated capital at the moment of plan conversion. The

only margin available to the self-employed is to postpone the retirement date. That

is why spreading the risk of financial loss by gradually selling one’s risky assets

several years before retirement is unduly recommended.

The age effect on the share invested in ULF can be measured in two ways. We can

look at the statistical relationship between the two variables (i.e. the total derivative

of the ULF share with respect to age) or estimate a relationship by controlling for

sociodemographic and economic variables which may influence the ULF share at

different age (i.e. partial derivative). The first way is more relevant for this study.

14



Our main concern is whether investors reduce their exposure to financial risk with

age regardless of which precise factors (such as wealth or household size) explain

this evolution. Accordingly, we begin by presenting a number of graphs describing

the total relationship between age and the ULF share.

4.1 Graphical exploration of the relationship between age

and the risky part of savings

There are three potentially important determinants of the share of savings invested

in ULF: age, time and cohort. Time influences financial decisions through macro-

financial events affecting all investors at a given date. Investors of the same gener-

ation can also undergo common influences. For example, permanent income differs

from one generation to another or those who began their life in a period of low

returns and high inflation as in the 70s may permanently stay away from financial

markets (Malmendier and Nagel, 2011). A statistical difficulty lies in the inability to

separate these three effects simultaneously as they are linked by the identity: time

= date of birth + age. Identification assumptions to assess age effect are necessary

and amount to excluding from the analysis either temporal or generation effects.

The use of panel data helps to estimate temporal effects or separate age effects from

generation factors. Even with panel data, no matter how complete and detailed the

data are, there is still no way to separately identify age, time and cohort effects

without imposing further assumptions.

To sum up, there are two approaches to estimate age effects, controlling by birth

cohort or by year of observation. Figure 8 shows the influence of age in cross section.

This amounts to neglecting generation effects and neutralizing time effects since the

latter only affect the translation of the curves.

Investors regularly reduce the share invested in ULF as they age. Note that each

curve connects the share of ULF of different generations, which is a valid presentation

only if generation effects are absent. In this case, the ULF share of older generations

is a correct estimate of what will be the share of younger generations in future years.

If, however, generation effects exist, they are confounded with age effects. It is thus

possible that the negative-slope profile is actually explained by older generations

investing a smaller portion of their savings in risky assets. To disentangle the two

effects we can control for generation effects instead of time effects, as in figure 9.

The downward translation of the curves indicates that older generations invest less in

risky assets than younger ones. It is possible that formers, in average less wealthy,

invest less in financial markets. A lower level of formal education may also be
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Figure 8: Age profiles of the share invested in unit-linked funds in the cross-section

Sample: all Madelin contracts subscribed between 2002 and 2009.

Note: ULF shares in year n = 2002, ..., 2009 are observed on December 31. They are dated on

the horizontal axis on 1st January of year n+1. The share invested in ULF 2006 is missing and is

obtained by interpolation at the contract level.

associated with less frequent or smaller investments3. The breakdown by birth

date has the advantage of tracking the same generation over time. If one looks at

age effects resulting from this decomposition, they are very different from the ones

observed in figure 8 which controlled for time effects. The present figure controls for

cohort effects and neglects time effects. If nevertheless time effects exist, they are

confounded with age effects. This seems to be actually the case. Temporal effects

are visible on Figure 9. The reversed S-shaped profile of each generation is due to

the effect of the market cycle already commented in Figure 24.

It is possible to investigate this issue further. Previous section’s analyses suggest

that the reversed S-shaped profile observed in Figure 9 may be driven by variations

in the ULF share of new subscribers. To confirm this, we decompose Figure 9

by subscription year in figures 10(a) to 10(f) in Appendix C. Age effects are now

3Guiso, Haliassos and Jappelli (2003) show that education level has a positive and significant

effect on share holding in European countries, even after controlling for age, income and wealth.

Campbell (2006) found a similar result for the United States. Financial literacy is an important

predictor of the participation in financial markets as well (Maarten, Lusardi and Alessie, 2007).
4The interest to have a full market cycle is here obvious. If we had had only an upward phase

of the market cycle, such as between 2002 and 2008, we would not have been able to discriminate

between an increasing temporal effect and an increasing age effect. This identification problem

arises for instance in Ameriks and Zeldes (2004) and Agnew et al. (2003).
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Figure 9: Age profiles of the share invested in unit-linked funds by cohorts

Sample: all Madelin contracts subscribed between 2002 and 2009. The 2006 share invested

in ULF is obtained by interpolation at the contract level. Investors born before 1945 are grouped

with those born in 1945.

Note: For clarity, only investors born in odd years are presented. Age profiles for investors born

in even years have a similar profile and fit in between the curves of odd years.

negative on average. Hence inverted S-shaped profiles by cohort mask two distinct

sources of variation. Within each birth cohort, new subscribers decide different

risky shares depending on recent market performances. This explains the inverted

S-shaped profiles. Within birth cohorts and cohorts by subscription years, the share

invested in unit-linked funds decreases steadily over the course of the contract, and

therefore with age.

Hence our best guess at this stage is hence a negative age effect which is obtained

by controlling for generation effects and subscription year effects. We cannot a pri-

ori exclude a residual temporal effect that would lead investors to reduce the share

invested in risky assets as in Figure 10. In practice, however, it seems difficult to

provide a convincing interpretation of such a time effect. A medium-term reduction

in access costs to financial markets is observed, coming from the development of

mutual funds and low-cost index funds and account management via Internet (Bo-

gan, 2008). Moreover, investors in this study have signed a contract whose terms

and conditions regarding costs and savings management remained fixed throughout

the life of their contract.

The discussion of these various effects can be summarized as follows. Taking into

account time effects leads to a negative relationship between age and the share
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invested in ULF but this relationship can be confounded with a generation effect

with older generations investing less in risky assets. Instead, if birth cohort effects

and subscription year effects are controlled for, the relationship between age and the

share invested in ULF remains decreasing, which confirms the result of a negative

age effect. The next section confirms graphical interpretations using econometric

models.

4.2 Econometric analysis

We begin by analysing the share invested in ULF using a Tobit model. It is a

censored regression model which takes into account the positivity constraint of the

risky share. We include in the explanatory variables age dummies and different sets

of controls with either cohort or time effects:

a) cohort dummies (one by investors’ birth year), subscription year dummies, and

past duration dummies (number of years since subscription)

b) the same dummies to which are added variables on subscribers (sex, marital

status, number of children, year of birth, regional district of residence, profes-

sional category, wealth profile indicator, and income dummies) and on contracts

(distribution channel, annualized payment, number of annual payments and sub-

scription date). Appendix A provides a detailed description of these variables.

c) subscription year dummies and observation year dummies

d) the same dummies to which are added variables on subscribers and contracts

detailed in b)

Previous analyses have shown the importance of considering the year in which the

investor purchases the contract, therefore the four sets of variables contain sub-

scription year dummies. Sets a) and b) exclude time effects from the analysis and

estimate age effects controlling only for cohort effects (set a)), or with additional

controls (set b)). Sets c) and d) adopt the opposite assumptions: cohort effects are

excluded and age effects are estimated by controlling for time effects with or without

additional explanatory variables. Detailed results of regressions b) and d) are avail-

able in Appendix. Figure 11 presents the marginal effects of age estimated with the

sets of explanatory variables (a) to d)) using the Tobit model. Appendix B describes

the calculation of marginal effects of discrete variables for Tobit specification.

The age profile is decreasing in the four sets of controls, but is more pronounced

when time effects are controlled for and cohort effects are excluded. The drop is of

about 7 percentage points every 10 years in the first case and 1.5 points in the second
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case. Consistently with figure 10, taking into account subscription dates leads to

a decreasing profile when generations effects are taken into account. Inclusion of

additional controls does not change the slopes, but only the levels.

Figure 11: Marginal effects of age on the share invested in unit-linked funds

Sample: all Madelin contracts subscribed between 2002 and 2009, except 2006.

Note: This figure shows by how much unit-linked funds varies as age increases. Marginal effects

are estimated by using a maximum likelihood model. Savers aged over 60 years are grouped with

60. Past duration is the number of years between subscription year and present payment. Control

variables are investor sex, family status, number of children, residential district, professional cat-

egory, an indicator of wealth profile and income, distribution channel of the contract, annualized

payment and number of payments per year.

It is possible to decompose the total variation margin into an extensive margin and

an intensive margin, as done in the previous section. We begin by analyzing the

extensive margin. We regress the probability of holding a positive ULF share using

a Probit model containing the four sets of controls previously defined. Figure 12

indicates the marginal effects of age on the probability of holding unit-linked funds.

Appendix B presents the calculation of marginal effects.

Estimation of age effects differs depending on whether time or cohort effects are

excluded. If time effects are excluded and cohort effects, subscription year effects

and past duration effects are taken into account, we observe a stable probability of

holding risky assets of around 34% and then an increase until age 59. Inclusion of

additional controls does not change the slope, but only the level of the profile. If

cohort effects are excluded, the age profile is now decreasing. The probability of

holding risky assets between 38 and 60 years declines from a little more than 40%
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to 15%.

Figure 12: Marginal effects of age on the probability of holding unit-linked funds

Sample: all Madelin contracts subscribed between 2002 and 2009, except 2006.

Note: This figure shows by how much unit-linked funds varies as age increases. Marginal effects

are estimated by using a maximum likelihood model. Savers aged over 60 years are grouped with

60. Past duration is the number of years between subscription year and present payment. Control

variables are investor’s sex, family status, number of children, residential district, professional

category, an indicator of wealth profile and income, distribution channel of the contract, annualized

payment and number of payments per year.

Figure 13 presents the intensive margin, ie the marginal effect of age on the share

of ULF conditional upon investing, using a Tobit model (see Appendix B). We get

a similar profile to the one of the total margin in figure 11. The age profile is

decreasing from age 40 for all sets of controls. The share invested in ULF drops by

about 3 percentage points every 10 years when temporal effects are excluded and by

6 points when cohort effects are excluded.
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Figure 13: Marginal effects of age on the share invested in unit-linked funds, condi-

tional upon investing

Sample: all Madelin contracts subscribed between 2002 and 2009, except 2006.

Note: This figure shows by how much unit-linked funds varies as age increases. Marginal effects

are estimated by using a maximum likelihood model. Savers aged over 60 years are grouped with

60. Pas duration is the number of years between subscription year and present payment. Control

variables are investor’s sex, family status, number of children, residential district, professional

category, an indicator of wealth profile and income, distribution channel of the contract, annualized

payment and number of payments per year.

To summarize, Figures 11 to 13 show different age effects depending on whether

cohort or time effects are excluded. Age effects on the share invested in ULF in

Figure 11 or conditional in Figure 13, are negative regardless of the chosen configu-

ration, but the slope is stronger when cohort effects are excluded. The probability

of holding risky assets also decreases with age when cohort effects are excluded, but

increases when time effects are excluded (Figure 12). Prima facie, it is difficult to

discriminate between these two representations of age effects. Older generations are

less frequently holders of risky assets, which may represent a genuine generation

effect. Unsurprisingly, age effects are weaker in this case or even become positive in

the Probit. But it may also indicate a true decreasing age effect if we consider that

time effects, not cohort effects should be controlled for. We can push the investiga-

tion further by focusing on the profiles of the share invested in ULF explained by

cohorts, observation year and subscription year effects.

Figures 14 in Appendix C show marginal effects of cohort, subscription year and

observation year dummies in Probit regressions which estimate investment proba-
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bility (left-hand graphs) and Tobit regressions which estimate ULF share conditional

upon investing (right-hand graphs). Figures 14 (a) indicates a greater investment

of younger generations than older ones possibly due to differences in education or

wealth levels as mentioned before. Conditional upon holding ULF, the share invested

in ULF is also larger for younger cohorts. Subscription year effects faithfully repro-

duce market cycle and reflect the impact of recent market performance on investment

choices at the subscription date. Time effects, however, have no straightforward in-

terpretation. They are not connected to market cycle and display a profile which

seems random. Variability of the conditional share invested in ULF is low. Hence,

meaningful time effects disappear when subscription year effects are taken into ac-

count. Overall, this points to a configuration in which time effects are negligible and

can be eliminated altogether.

Exclusion of time effects leads to the following conclusion. In Figure 12, the proba-

bility of ULF holding increases with age about 12 percentage points between 40 and

60 years. Once individuals invest in risky securities, Figure 13 shows that risky share

moderately decreases with age, about 6 percentage points between 40 and 60 years

when time effects are excluded, but the slope is stronger when cohort effects are

excluded. The magnitude of the decline remains too weak to bring the proportion

invested to zero when approaching retirement.
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A Description of explanatory variables

Some control variables used in the econometric regressions are defined here.

• Marketing segmentation: internal classification of investors on the basis of

geographic, social and professional criteria.

• Income: we have for each client an index of income produced by insurer’s

marketing department. The higher the index, the higher the estimated income

of the customer. This index allows us to build a higher-income dummy that

takes the value 1 if the index is greater than a given threshold.

• Wealth profile: customers are segmented into different categories depending

on wealth and type of management chosen.

• Annualized payment: total payments at the end of the calendar year.

• Distribution channel: savings contracts are marketed through two types of sale

forces: general agents and specialized agents. Both networks consist of inde-

pendent contractors who have an exclusive mandate with the insurer. The first

agents sell all the insurance and savings products of the company. The latter

are specialized in the areas of retirement, savings and financial investments.

Their clients are usually self-employed professions, or executives.
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B Marginal effect calculation on discrete variable

in the case of a Tobit and a Probit

Figures 11 to 13 show marginal effects of age dummies on the share invested in ULF.

Usual formulas for marginal effects apply to continuous variables and not to discrete

variables. In the Tobit case, the marginal effect (em) associated to dummy Xk of

ULF i (of saver j recorded at year t) is given by measuring the impact of the total

variation of Xk on predicting Yi:

emi(Xk) = E(Yi|Xk
i = 1)− E(Yi|Xk

i = 0)

We can then derive sample’s marginal average effect by averaging individual marginal

effects:

em(Xk) = 1
N

N∑
i=0

emi(Xk)

Marginal effects are calculated and reported in Figure 11. We adopt the same ap-

proach for computation of marginal effects conditional upon investing in ULF:

emci(Xk) = E(Yi|Yi > 0, Xk
i = 1)− E(Yi|Yi > 0, Xk

i = 0)

Marginal effects reported in Figure 13 are arithmetic averages of individual marginal

effects. Similarly, individual marginal effects in the Probit are written as follows:

emti(Xk) = Prob(Zi = 1|Xk
i = 1)− Prob(Zi = 1|Xk

i = 0)

where Zi = 1 if observation i’s ULF is positive and Zi = 0 otherwise. Marginal

effects presented in Figure 12 are averages of individual effects based on all obser-

vations.
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C Tobit regressions on the share invested in unit-

linked funds

Table 2: Tobit regressions on the share invested in unit-linked funds

Control variables Cohort effects excluded time effects excluded

Sex (reference: man)

Woman -0.0173*** (0.0024) -0.0173*** (0.0024)

Marital Status (reference: single, divorced or widowed)

Concubine or married -0.0042 (0.0027) 0.0039 (0.0027)

Other -0.0395*** (0.0041) -0.0402*** (0.0041)

Child (reference: no)

Yes 0.0042 (0.0026) 0.0042 (0.0026)

Professional category (reference: artisans, traders)

Professional Occupations 0.0216*** (0.0036) 0.0218*** (0.0036)

Business leaders and senior executives 0.0182*** (0.0049) 0.0176*** (0.005)

Farmers and others 0.0110** (0.0054) 0.0106** (0.0054)

Marketing segmentation (reference: middle class)

Posh districts 0.0113** (0.0047) 0.0116** (0.0047)

Affluent middle class -0.01** (0.0048) -0.0102** (0.0048)

Small town housing 0.0056 (0.0046) 0.0055 (0.00046)

Workers’ district -0.0017 (0.0063) -0.0015 (0.0063)

Retired people 0.0019 (0.0074) 0.0013 (0.0075)

Countryside and agricultural areas -0.0046 (0.0044) -0.0045 (0.0043)

Others -0.0054 (0.0048) -0.0059 (0.0048)

Income(reference: low income )

High income 0.0153*** (0.0047) 0.0152*** (0.0047)

Wealth profile (reference: mass market)

Upper affluent -0.0053 (0.0095) -0.007 (0.0095)

Exclusive program 0.0107* (0.0054) 0.0097*** (0.0054)

Affluent -0.0016 (0.0038) -0.0026 (0.0038)

Annualized payment -0.0062*** (0.001) -0.0063*** (0.001)

Number of Payments per year -0.0005*(0.0003) -0.0006** (0.0003)

Distribution channel (reference: general agents)

Specialized agents 0.0273*** (0.0029) 0.0272*** (0.0029)

27



Tobit regressions on the share invested in unit-linked funds (continued)

Control variables Cohort effects excluded Time effects excluded

Subscription year (reference: 2002)

2003 -0.0312*** (0.0038) -0.0391*** (0.0055)

2004 0.0723*** (0.0041) 0.0577*** (0.0088)

2005 0.2028*** (0.0044) 0.1819*** (0.0126)

2006 0.2133*** (0.004) 0.1816*** (0.0162)

2007 0.2059*** (0.0045) 0.1671*** (0.0201)

2008 0.0973*** (0.0056) 0.0501** (0.0242)

2009 -0.0968*** (0.0137) -0.1465*** (0.0306)

Age dummy yes yes

Payment year dummy yes no

Cohort dummy no yes

Contract’s past duration dummy no yes

Department dummy yes yes

Number of observations (AIC) 34188 (1940) 34188 (1950)

Sample: all Madelin contracts subscribed between 2002 and 2009, except 2006 for which ULF

shares are missing. Superscript *** means that the coefficient is significantly different from zero

at the 1%-level, ** at the 5%-level and * at the 10%-level. Brackets: standard deviation. AIC:

Akaike Information Criterion

. Notes: The table presents the results of a Tobit model explaining the share invested in unit-

linked funds. Explanatory variables are described in Appendix A. The first column “Cohorts

effects excluded” includes all explanatory variables, except birth cohort dummies and past duration

dummies. Second column “Time effects excluded” includes all explanatory variables except time

dummies. Marginal effects of age dummies are shown in Figure 11.
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Figure 10: Cohort view of the share invested in unit-linked funds by age and sub-

scription year

(a) Savers who opened a contract in 2002 (b) Savers who opened a contract in 2003

(c) Savers who opened a contract in 2004 (d) Savers who opened a contract in 2005

(e) Savers who opened a contract in 2006 (f) Savers who opened a contract in 2007

Sample: all Madelin contracts subscribed between 2002 and 2009. The 2006 share invested

in ULF is obtained by interpolation at the contract level. Investors born before 1945 are grouped

with those born in 1945.

Note: For clarity reasons, only investors born during odd years are presented. ULF shares of

investors born in even years have a similar profile and fit in between the curves of odd years.



Figure 14: marginal effect of cohort, subscription year and payment year on the

probability of holding shares in unit-linked funds and the share invested in ULF

conditional upon investing in ULF

(a) marginal effect of cohort on the probability of

holding shares in unit-linked funds using Probit

specification

(b) marginal effect of cohort on the share invested

in ULF conditional upon investing in ULF, using

Tobit specification

(c) marginal effect of subscription year on the prob-

ability of holding shares in unit-linked funds using

Probit specification

(d) marginal effect of subscription year on the share

invested in ULF conditional upon investing in ULF,

using Tobit specification

(e) marginal effect of payment year on the proba-

bility of holding shares in unit-linked funds using

probit specification

(f) marginal effect of payment year on the share

invested in ULF conditional upon investing in ULF,

using Tobit specification

Sample: all Madelin contracts subscribed between 2002 and 2009. 2006 shares invested in ULF

are obtained by interpolation at contract level.

Note: The table shows marginal effects of cohort dummies (fist line), subscription year dummies

(second line) and year of payment dummies (third line) in the Probit regressions estimating the

probability of investing in ULF (first column) and Tobit regressions of share invested in ULF

conditionally to invest (2nd column).
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